Abstract. Malaysian industries, in general consider energy management a burden and nonprofitable. Energy management initiatives are also viewed as a Cost-Centre. An Excel spreadsheet was therefore tailor-designed, which meets the requirements of the plant for energy optimization and management. The spreadsheet is grouped to reflect four parts, namely: plan, do, check and commit. This Plan-Do-Check-Commit cycle is based on the plan-do-check-act (PDCA) cycle. This spreadsheet has been developed with the objective of developing a tool that would be comprehensive, simple and flexible, open to be modified and tailored for the industries. The results indicated that there are opportunities for a more effective and structured approach to energy management in industry. An initial reduction of 5% in energy consumption has been recorded and it is the company's responsibility to ensure that their energy management becomes part of their corporate culture.
Introduction
Calcium compound processing plants consume large amounts of electricity and Natural Gas (NG) to operate their kilns, hydration and wastewater treatment equipment etc. The number of pumps, compressors, mixers and crushers involved in the extraction, processing and manufacture of the calcium compound are enormous. Inefficient consumption of the various energy sources can result in high utility bills, frequent breakdowns and wastage [1] . Established in 1995, the said company is based in the industrial zone, 400 kilometers northwest of the national capital of Kuala Lumpur, Malaysia. It produces high quality precipitated calcium carbonate, hereinafter known as PCC, and highly reactive calcium hydroxides using the highest technology, with customers being world-wide leaders in various range of applications from paper, toothpaste, paint and plastics to pharmaceuticals, oil refinery processes and waste treatment. The company has established a fully automatic production process to produce high quality calcium products.
Engineers in industry have long waited for a tool, such as this Excel spreadsheet to manage energy effectively. There has never been a well-structured tool as this, where not only data related to energy is tabulated, but also those pertaining to human resource, planning, production, maintenance etc. One of the major issues experienced was the vast amount of data needed to be tabulated so that graphical displays will clearly indicate energy usage over a specific period. The objectives of this paper are to indicate that:-a) a more analytical approach is required for energy management in industry; b) energy management is not a stand-alone activity, but one that encompasses finance, manpower, preventive maintenance etc., and c) opportunities are available for effective energy management in industry.
Methodology
An Excel spread-sheet developed by engineers from industry with vast and extensive experience and knowledge on the various energy management systems is utilized for the analysis. The energy consumption, costs and budget data was obtained from engineers in the said industry.
The Energy Management System Tool
As stated, the energy management system, hereinafter known as EnMS, Excel spreadsheet tool consists of 24 tabs. The energy review, hereinafter known as ER, which is part of the EnMS, consists of 13 of the said 24 tabs. In Table 1 below depicts the said tabs. However, only 5 tabs are included here, of which 3 are ER's. 
Data Collation on Energy Consumption
The said spread-sheet allows for the analysis of electrical, fuel, gas and water. However, in this paper, the analysis was performed only for electricity. Data was collated from the said plant after reviewing the monthly energy bills from January, 2011 to April, 2013. The data is limited only to the office and warehouse buildings and the PCC and utility plants, thus excluding the hydration, packing and wastewater treatment plants and the kilns. Table 2 depicts a typical trend in energy consumption for 5 months in 2012.
Roles and Responsibilities.
This worksheet lists all tasks associated with implementing and operating an EnMS. Each task has details of how often it occurs, where documents are filed, who is responsible and their level of authority (lead, participate or inform). This is a very important part of the process of gaining commitment within the organization. It ensures that everyone understands their respective role and has enough time and priority to complete their roles and tasks.
Policy. A copy of the energy policy is pasted in this worksheet.
ER1 Data. Data from energy meters including bills should be entered here. The data will be read into other tabs for analytical purposes. Each energy source such as electricity, gas, oil, water, etc. should be entered here. Total monthly usage and cost for each are entered here. For fuels it is usage rather than deliveries.
ER2
Trends. This worksheet will read the data from the data tab and display some trends. If additional trends are required, the user is free to add them and modify to meet his/her requirements.
ER3 SEU list.
This worksheet is a summary of all the items which make up the organizations significant energy users, hereinafter known as SEUs. It should ideally account for at least 80% of the energy consumption of each energy source included in the scope of the EnMS. It includes prompts for drivers, people and energy performance indicators, hereinafter known as EnPIs, etc. Findings and Recommendations From Figure 1 , the unit cost of electricity is steady at about 30 Cents per kWh, except for the months of May and June, 2011, where it plunged to about 10 Cents per kWh. This was because of the annual shutdown of the plant for major predictive maintenance and for oil changing works [2] . It is recommended that energy management be implemented with improved maintenance, such as the installation of variable speed drives, utilizing larger diameter pipes, switching off equipment which are not required etc. [3] . The peak tariff is 28.1 cents and the off-peak tariff 17.3 cents per kWh. From Figure 2 , the cost of energy is closely related to the consumption for 2012. However, the cost is way above the budgeted amount by about 15%. It is recommended that either energy management activities be implemented immediately, hence to reduce the expenditure on electricity, or the budgeted amount be revised [4] . From Figure 3 , the actual consumption is more or less that of the targeted value for 2012. The targeted value should be reduced if the expenditure on electricity is to be reduced (Figure 2 ).
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Data Analysis
Discussion
Two main themes emerged from the studies. First, maintenance and energy management practices are generally reactive. The primary reactive energy management practice revealed during the case study was the use of utility bills to make energy management decisions. Using energy bills for decision making is reactive because the bills provide one historical energy consumption data point for the entire plant. When only historical whole plant energy consumption data is available, it is difficult to determine sources of energy waste.
The second theme that emerged was that cost and energy savings alone are not sufficient motivators for organizational change to move from reactive to proactive maintenance. Organizational change requires a transitional period. During the transitional period, by-in from team members at all levels of the organization must be sought, training must be provided and new business processes must be planned and implemented in order to advance the sustainable management of facilities. Transitioning from a reactive to proactive energy and/or maintenance management approach requires synthesized knowledge of technology, processes and people.
Energy management activities should be viewed and practiced holistically, i.e. in terms of improvement in quality, preventive maintenance, teamwork, housekeeping etc. [5] . Proper documentation control should be implemented [6] . Energy drivers, such as production data, which are closely related to preventive maintenance activities, should be seriously considered [7] . Management commitment is important in the implementation of energy management [8] . Financial institutions, when necessary and required, should be willing to finance such projects [9] . It also puts attempts to improve energy efficiency in a more effective management framework, often for the first time [10] .
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Conclusion
The Excel spreadsheet discussed is a tool to plan and implement energy and maintenance management. It can be concluded that apart from paying exorbitant bills, financing energy projects can be another uphill task for industries. The composite results of this case study demonstrate that there is an interdependent link between energy and maintenance management. However, current energy and maintenance management practices of the case study discussed within this paper demonstrate that this interdependent link is not widely embraced in practice. If the link were widely embraced, energy and maintenance management practices would be more proactive. The results of the case study allowed the researcher to conclude that tools are needed to assist facility managers to plan and implement energy and maintenance management programs.
